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Current 2D/axisymmetric capabilities 
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FOR A HOMOGENEOUS ELASTIC STRUCTURE 
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The BEM is based on the application of the Reciprocal Work Theorem with (for 
isotropic materials) the Kelvin point load solution and its derived traction solution 
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. INTERIOR DISPLACEMENT EQUATION 
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Primitive Displacements Displacements 
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The computing and modelling characteristics of the BEM are fundamentally different 
from those of the finite element method. For elastic analysis the BEM models both 
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2D/AXISYMMETRIC BEM CAPABILITIES 
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body forces 
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Advanced capabilities are presently being incorporated in the Pratt & Whitney code, 
and will become available in the production version over the next year. 
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2D STRESS CONCENTRATION CALIBRATION 



I 

I 


776 


- * ^ 

e <u <-a 

41 td at 

•H O 4) 

J3 a«w iuh 
O O .C 4> - 

U >i 4J O 

O, 4) >i W 

c +j oiw a 

4» -P 4) C 4) O 

*-H • rH >rl .i-t }_| 

,Q4: ^ W4J+J 

(0 5 ro 3 W O 
-p > m 

•H I cJJ 4J 0) H 

3 fO 2 C 
W -P O fO 

•P O «-H • 

p to -p to a-p 
OP 0 ) c 

^ a TO O tO 
0) P -rH p 
a) +j p p T3 

<y^ a ( 0 -m (0 
0 ) X 0) o o 2 • 

P -n 6 CTTO 

P X) O (0 0) 

S O 2 P P P P 

S im to a) to <u ai 

03 > a ato 

TO CO O *«H 

X o a) in in to w 

CP4J ^ (U*H +J C 

p to m co 

o >H <d >*t 0 a; u 

p o^i— 1 1— i a> g 
x e o co to <u <u 

+JO£COHP 
U < C <D <D 

*0 P > 

0) >i <0 CO -P 
C H H •— 'X W 
•h+J 3 0) CPrH 

I0CUU(U*H(0 

+j a) p (ot) 
U*h»h o P 
OdlUPU'OQJ 
P P C + j 

W to W -P (0 (0 

o >1 c e 
o^tO x a» (u p 

(0 PPH g 3 (D 
-P X -rH O to O X 

C W > X i-l X 


(0 


o 


w 

> 

C (U <D 


•» 

o 

TO 

O 4-> ,C 

a> 

o 

a 

(0 

*rH CO -P 

X 

> 

a 


-P l—l 

•rH 

-p 

o 

0) 

to ac 

c 


u 

x 

P o 

•h TP 


X X O 

X 

<D TO 


• H X TO 


W 

to 

M-H 

H *H C u 

P 

p 

o 

(0 C (0 pcj 


0) 


o -IH 


in 

>i 

c 

X 0) 


<D 

(0 

o 

to C P 


X rH 

•rH 

•rH O 

a> 

in 


X 

>h ex 

to tJ 

c0 

O >1 0) 

X 

6 

c 

PTlH P 



(0 

-P 

* rH QJ 

TO 

a 


in 

W > -C 

c x 

u 

P 

C -rH -P 

to ^ 

•rH 

r— 1 

O -P o 



a 

f— 1 

O O XI 

<u 


o 

• rH 

4) 

TO 

• 

p 


*. H-i «. 

o 

- — ^ 

X 

c 

1/1 P W 

o 

m 

o 

to 

4) 4J *0 


X X 


a to 

X 

c 

X 

w 

>1 c o 

w 

0) 

P 

< X < ^ 

m 

a 

o 


111 







w 

CD *h 

x: x: <d 

p p u 

<u i c 

X* U H Vi *H 

h o (d o w i 
CX-*-» Pli o 

C/l P **rH 

0) a ) <D p 

O P P *HH 

to m >ipH 

iHdP gH W (0 

P CM <D <U 

P H U > Vi -P 

(/) * rH »rH (0 

tj q«p <d 

<d c o u x: >1 

»— i id p <D -p -P 

o P Di -*H 

^dPOWCC 

O C/) <D *r-» p 

<U(n*h ^ 

x: <d co 

-P * C <#> 

dP fdOJ c 
co m a> 
o m p 'O rC »h 
o c u o 

<u >iIP <0 jC 
P rQ -P 
3 dP C (D 

t/1 W • LO tO X 
W W‘H U P 

d) 0) m 

P P W M-l c 

CUP p o -h o 

W-H(NI c 

rH C cn c/l 

(OHX'W-H C/l 

g id 4* o c/i a) 

p *r-» d) P 

O -P PI (/) fO -P 

C C CU c/i 

(U C*H U1 
f0 U 0J H 

C f0 U f0 
oidc p 3-h 
- p -p o C n3 -p 
•H u o c 

4J ^ -P U P 0) 

u to 3 to aoi 

<U <D 1-1 C 

•n Qi O P r- 1 tO 
rQ C/1 CD t0 -P 

P <D P -h 
l/l rC P P P <D 

p o <u a) rC 

rH (0 rQ P P 

to P X to 

•H U 0) P £ rH 

P «n (0 f0 



779 




CD 

O 

X 

JZ 

-4~* 

$ 


J 


Plate 
s s u re 

) 

) 

) 



CL>" 

3 c c 

o a 

o o o 

l. l_ v_ 

L. 

-4-> — 

TO TO TO 

o O 

O O O 

J£ £ 

3 3 3 

L_ 

L. 

crcrcr 

o ° 

CD CD CD 

Z 

O O O 

CO 

£££ 

(0 

CD 

v_ v_ 

u_ 

CD CD CD 

-4~ / 

Cl Cl Q. 

CO 


CO CO CO 

CD 

c 

C C C 
CD CD CD 

O 

E £ E 

a 

a> <d <d 

CD CD CL> 


oo^rcM 

c co to co 

o ~ r" ^ 

X 3 3 D 
3 CO CO CO 
— a> Q; a.: 
O ^ ^ v 
CO 

UJLUUJ 

uf- K »~ 
Q(/KOt/! 
xUJLxJbJ 
LuQ_a a 

one 

C'!k';o 




<D 

i i x: 

X ‘w -P 

OJ • r~i 

G V) 
O' <0 

H W >1 

Q) O 
> (0 
*«H • L» 

*P~ 2 

u 0) a 
a) w u 
cl to to 
co o 
<D C 
U U-^ 

•H (Q 

- a-p 

dPOC 

H l»*H 

-P a) 
'dog 
c co 
(0 »h O 
+J 

aP 0 ) 

ro^T) 

4 _) 0 ; 

" Li 
L-h 

r- o d 

cr 

U-4 Q) 

o 'd l. 

<u 

co c co 

QJ • H • H 
•H f0 



CO LO u 


<U i — I o ■ — i 

73 fO 

o *• c •»-* 

g cN> O L, 

vx> • <U 
S *P -p 
W o ro ro 
m x u g 

-P **H 

cn mh a) 

C 0 *H,C 

• H 4 -> 73 -p 

73 O 
CO g M-i 

O CO o 
a o o 

C 0 H c >1 
O U -P 
S -4 "• *H 

V* >1 >1 X 
OHH dl 
U dl+JH 

e c a 
<u a) ns e 
a u u o 

U 


781 

ill. 




Model 






I 


^ <D 

in 

on 

<U O > M-* 

u 

4J O (0 o 

rC 

+j cn 

-P <D 

c o 

O > 

•H CO rH *H 

X) m 

m -H (D 4-> 

cn 

CO H3 03 


t) >iO ^ 

X co 

C iH S 

W *rn 

<0 w a) 

PQ CO 

C 2 g 

>i 

SflH’H 

<D rH 

w m -p 

,C 03 

m o 

4J C 

O 3 

(0 

<u a w a. 

x: 

43 o u u 

p> X 

-M U (0 

•»h w 

P O (0 

> PQ 

P o u 
O 43 O' 

0 0) 

M-t P <D C 

rH ,c 

P 43 »-) 

A -P 

<H o p T3 

co 

(0 H 

C -P 

3 P •“ <U 

•H (0 

O* C >1-H . 

(0 X 

4) 4) «— 1 >i >i 

-p -p 

e p u 

A 

>i <U C * (0 

O 4P 

H f — 1 (0 H U 

u 

<H 4) -P 4) 3 

CO (0 

<0 P ’O u 

<D 

■H dl o o u 

cn 

P P O. g to 

(0 <u 

C-P g 

-p x: 

<V C -H P P 

c: -p 

M-H c C 

CO 

W P a) 4) <U 

> c 

4> p g m 


0)0 0)10 

03 

4143 2 <H > 


P P 4) -p 

-p >1 

<U 3 

C *"H 

>43 . 4) cr 

0) -P 

W W P 4J 

O C 

H <D * H *rl 

•*H (0 

0) g CO C 

m o 

t> >i— » a) 

•H »rl • 

O -M H ^-l -P 

C >M W 

S CO 03 *h 

i — 1 

<u c -p 2 

•»H C <0 

0 C (0 W D* 

CO 0>«rH 

OT -h a; 

•rH P 

CP 

<D CO 0) 

Cd W --H o 

,c -p 

o (uoj^h c 

-P >i 03 

u — 

rH 0 

-P d) (U 

CO *H 

a> ,c ,c p 

(U a)H 

P -P -P O 

-P ^3 rH 

•P O MH 

(0 tr CO 

10 c 

p a) 

P fO fO rH 

-p p 

O X 

CO - O 

P-4 • Dip O 

3 TJ M-4 

CO C -P 

rH c 

CO d) 0 >1 

rH 0) CO 

(U 10 H U H 

•rH +J 

6 >i 03 i — 1 

03 » — 1 

•H H CO P 

S S 3 

P (0 (0 p c 

0) -rH CO 

C U 03 

rH -P 0) 

cn co co u x: 

£3 P 

£ QJ f0 -P 

o CO 

• H 6 

P «rH +J 

-P C — • P P 

a co c 

2 <D -P <U <D 

>1 <D 

as -p -p 

CO iH -p 

0 OJ CO -P -P 

•rH CO CO 

O r-i • a> QJ 

x: c *«h 

U 

E-* 03 CO 


783 



(/> 

< 

o 

o 

Q 

co 

I— 

</> 

LU 

QQ 


£ 0) 
C +J 

'■P 'F 
w ~ 

^ • 


52 +* 

'35 > 

■m* S 
c c 

CO 0 

75 E 
co (D 


o 

3 

CO 


Q.-C 

E J2 

8 ® 


■o 
a c 
o 

> E 

® o 
Q £ © 


c 

<D 

E 


i 

CO 

0 

a ■ 
c 

o 

■ mmmt 

E to 

■2 Z 

o > 
a o 

o! 

o C 
O) > 
C ^ 
CO * 

»- o 


a 


CO 


.3 CO 

* 2 
CO — 
CO » 

0 o 


"U 

"D 


CO 

CO 


< 0 



o 

h" 

O 

Lil 

LU 

</) 





CO 

0 

a 





±: -a 

r= ® 
JQ J c 

o = 

= JD 

a ® 
a +J 
ir w 
^ ® 



o o 


784 


BEST 3D is a general purpose BEM structural analysis code developed by Pratt & Whitney 
and the State University of New York at Buffalo under NASA contract NAS3-23697. 
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substructuring for all problem types 
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Major advances have been made during the development of BEST3D, both in the creation 
of new BEM analysis capabilities and in the incorporation of available capabilities 
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of BEST 3D is the provision of a very complete plasticity capability 
d analysis. In BEM analysis of problems with material nonlinearity 
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ssical problem of a tension loaded perforated plate was analyzed using the two 
BEST3D model shown. Plastic strain distribution was modelled only in the re- 
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Finite Element Models for Benchmark Notch Analysis 
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Boundary Element Models for Benchmark Notch Analysis 
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BENCHMARK NOTCH - FIRST CYCLE RESPONSE 
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NOTCH STRAIN - MICROSTRAIN 



Use of the weighted mesh shown on the previous chart gave good agreement with exp 
imentally measured strains at the notch root, over two and one-quarter load cycle 
Use of the finest finite element model gave equivalent results, in about twice th 
CPU time. 
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RESIDUAL STRESS IN QUENCHED BAR 
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A problem of significant interest in the gas turbine industry is the development of 
residual stress in large parts during forming and heat treatment. BEST3D was used to 
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NONDIflENSIONAl RADIUS - R/I 2S 


The temperature gradient was initially very severe (over 1000° F between the surface 
and center of the specimen), dropping to essentially zero at large times. 


807 



8EST3D - 6 CELLS 



BEST3D analysis shows good agreement with the experimentally measured stresses, 
for the relatively coarse model used. 
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Goal is to calculate effectiveness of 
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To calibrate the dynamic capabilities of BEST3D a BEM model was constructed to evalu 
ate the effectiveness of trenches for the vibration isolation of sensitive equipment 
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Passive Isolation Testing 
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VIBRATION EXCITER FOOTINGS 



Extensive test data is available for this problem. The relative locations of the 
exciter, trench and vibration pickups are shown on this chart. 
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ion Factor Contours 
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BEST3D predictions of amplitude reductions and amplifications show good agreement 
with the experimental results. 
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COMPRESSOR DOVETAIL ANALYSIS 
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Pratt & Whitney is presently in the process of applying its interactive 
dimensional BEM system to the determination of stress concentrations in 
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The new BEM system shows excellent agreement with the old system for a variety of ac 
tual engine geometries. 
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Local implementation should be a 2-4 week 
process 
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NOMINAL 10, 0 KSI 
MRX 27, 9 KSI 
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It was possible to provide a 3D comparison between the baseline geometry and 
posed modification rapidly enough to guide the design process. 
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